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DEPARTMENT OF THE ARMY
ST. LOUIS DISTRICT, COUPS Of ENGINEERS

210 TUCKER BOULEVARD. NORTH0 ~ ST. LOUIS. MISSOURNI 63101

LM4SED-P

SUBJECT: Lake Thunderhead Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of
the Lake Thunderhead Dam (MO 10007).

It was prepared under the National Program of Inspection of Non-Federal
Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

a. Spillway will not pass 50 percent of the Probable Maximum Flood

without overtopping the dam.

b. Overtopping of the dam could result in failure of the dam.

c. Dam failure significantly increases the hazard to loss of life
downstream.

SU BM ITT ED BY : 
S IG N ED__ _ _ _ _ _ _ _ _ 1 ti 1 8

Chief, Engineering Division Date

APPROVED BY:___________________ ___ _____

Colonel, CE, District Engineer Date
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

ASSESSMENT SUMMARY

Name of Dam Lake Thunderhead Dam
State Located Missouri
County Located Putnam County
Stream North Blackbird Creek
Date of Inspection May 6, 1980

Lake Thunderhead Dam was inspected by an interdisciplinary team of
engineers, from Roks-W~e-n-Saftereggev,Unc. The purpose of the
inspection was to make an assessment of the general conditions of the
dam with respect to safety, based upon available data and visual inspec-
tion, in order to determine if the dam poses hazards to human life or
property.

Lake Thunderhead Dam has a height of fifty-four (54) feet and a
storage capacity at the minimum top elevation of the dam of twenty-seven
thousand four hundred (27,400) acre-feet. In accordance with the guidelines,
an intermediate size dam has a height greater than or equal to forty (40)
feet but less than one hundred (100) feet and a storage capacity greater
than or equal to one thousand (1,000) acre-feet but less than fifty
thousand (50,000) acre-feet. The size classification is determined
by either the storage capacity or height, whichever gives the larger
size category. Lake Thunderhead Dam is classified as an intermediate
sizet~dam.

In accordance with the guidelines and based on visual observation,
the dam is classified as having a high potential for damage and loss of
life. Failure would threaten life and property. The estimated damage zone
extends approximately twenty (20) miles downstream of the dam to the
confluence of North Blackbird Creek and South Blackbird Creek. Within
the first six miles of the damage zone are six dwellings and some
outbuildings. Missouri Highway 5 is immediately downstream; Missouri
Highway 129 is approximately four miles downstream; and U.S. Highway
136 is about eleven miles downstream. The valley is extensively farmed
for its full length._

Our inspecti onV\nd evaluation indicates that the spillways do not
meet the criteria set forth in the recommended guidelines for an inter-
mediate dam having a high hazard potential. The Probable Maximum Flood
is the appropriate spillway design flood. The spillways will pass the
100-year flood (1% probability flood - a flood having a one percent chance
of being exceeded in any year) without overtopping the dam. The Probable
Maximum Flood (PMF) is defined as the flood that may be expected from the
most severe combination of critical meteorologic and hydrologic conditions
that are reasonably possible in the region.

Maed



Construction plans, a soils report and a geological report were avail-
able for this dam and are included in this report. Based on the information
available from the plans and reports and the observations made during the
field inspection, the following remedial measures and maintenance proce-
dures are recommnended. All remedial measures should be performed under
the guidance of a registered professional engineer experienced in the design
and construction of earth dams.

a. Alternatives.

(1) The spillway size and/or the 1-ight of dam should be increased
to pass the probable maximum flood without overtopping the dam.

b. Operation and Maintenance Procedures.

(1) Stability and seepage analyses comparable to the requirements
of the "Recommiended Guidelines for Safety Inspection of Dams"
should be performed for appropriate loading conditions includ-
ing seismic forces. These analyses should be performed by
a professional engineer experienced in the design and construct-
ion of dams.

(2) Studies should be conducted to determine the source and effects
of seepage discharging around the sewage lift station. This
may require installation of piezometers and/or closed circuit
television inspection of the sanitary sewer line which passes
under the reservoir and the dam. This should be done under the
guidance of a professional engineer experienced in the design
and construction of dams. Remedial measures may be required.

(3) The trees growing on the upstream slope as well as the tree
growing along the right wall of the principal spillway should
be removed under the guidance of a professional engineer experi-
enced in the design and construction of dams.

(4) Additional riprap should be placed on the left end of the dam.

(5) The headcut and gully erosion in the right abutment trough
downstream from the berm should be repaired and measures taken
to control future erosion in this area.

(6) The slumps and/or slides in the right bank of the scour hole
downstream from the principal spillway outlet should be repaired
and stabilized.

(7) The concrete deterioration in the headwall of the principal
spillway outlet should be repaired.

(8) The grass on the downstream slope should be mowed and measures
taken to control the growth and amount of litter that accumulates.
Rodent holes or other surface scars revealed by the mowing
should be repaired.



(9) The rodent hole along the right wall of the principal spillway
outlet should be repaired.

(10) A program of periodic inspection and maintenance should be
initiated in order to protect the integrity of the dam.

Rey S ece
E-3703

Gordon Jamison

Garol Umer
E-19246

Harold P. Hoskins, Chairman of the Board
Hos ki ns-Weste rn-Sonde regge r, Inc.
E-8696

I..
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

LAKE THUNDERHEAD DAM - MO 10007
PUTNAM COUNTY, MISSOURI

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authori:ty. The National Dam Inspection Act. Public Law 92-367,
authorized the Secretary of the Army through the Corps of
Engineers, to initiate a program of safety inspection of dams
throughout the United States. Pursuant to the above, the St.
Louis District, Corps of Engineers, District Engineer directed
that a safety inspection of Lake Thunderhead Dam be made.

b. Purpose of Inspection. The purpose of the inspection was to
make an assessment of the general condition of the dam with
respect to safety, based upon available data and visual inspec-
tion, in order to determine if the dam poses hazards to human
life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by thFe Department of the Army, Office of the Chief of
Engineers, in "Recommnended Guidelines for Safety Inspection of
Dams," Appendix D to "Report of the Chief of Engineers on the
National Program of Inspection of Dams," dated May, 1975, and
published by the Department of the Army, Office of the Chief of
Engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is an earth fill approximately 1700 feet in length
and 54.4 feet in height. The dam impounds the flow from
North Blackbird Creek to form a reservoir covering about
1050 acres. The maximum water storage at the minimum top
of dam elevation is 27,400 acre-feet. The dam is located
about 3.5 miles north of Unionville, Missouri.

(2) The principal spillway consists of a 7' x 18' reinforced
concrete drop inlet (riser) which is connected to a 6' x 7'
reinforced concrete box conduit. The spillway is located
toward the left end of the dam (Sta. 6+50). The spillway
outlets into a reinforced concrete St. Anthony Falls (S.A.F.)
type energy dissipator.



(3) A vegetated earth uncontrolled emergency spillway is cut
through the left abutment. rhe crest or control section
of the spillway is the asphalt surfaced road that crosses
the dam. The width of the emergency spillway at the crest
is approximately 200 feet. The spillway outlets into North
Blackbird Creek about 450 feet downstream from the toe of
the dam.

(4) Pertinent physical data are given in paragraph 1.3 below.

b. Location. The dam is located about 3.5 miles north of Unionville
ithe north central part of Putnam County, as shown on Plate A-2.

The dam is located in Sections 10 and 15, T66N, R19W, as shown
on Plate A-i.

c. Size Classification. Criteria for determining the size classi-
fication of dams and impoundments are presented in the guidelines
referenced in paragraph 1.1c above. Lake Thunderhead Dam has a
height of 54 feet and a storage capacity of 27,400 acre-feet.
This dam is classified as an intermediate size dam. An interme-
diate size dam has a height greater than or equal to 40 feet
but less than 100 feet and a storage capacity greater than or
equal to 1,000 acre-feet but less than 50,000 acre-feet. The
size classification is determined by either the storage or ',eight,
whichever gives the larger size category.

d. Hazard Classification. Guidelines for determining hazard classi-
fication are presented in the same guidelines as referenced in
paragraph 1.1c above. Based on referenced guidelines, this dam
is in the High Hazard Classification. The estimated damage zone
extends approximately twenty miles downstream to the confluence
of North Blackbird Creek and South Blackbird Creek. Visual in-
spection verifies that within the first six miles of the damage
zone are six dwellings and some outbuildings. Missouri Highway
5 is immnediately downstream; Missouri Highway 129 is approximately
four miles downstream, and U.S. Highway 136 is about eleven miles
downstream. The valley is extensively farmed for its full length.

e. Owerj!R The dam is owned by Chillicothe Properties, Inc.,
Uai#5 Dickinson, President, Box 784, Chillicothe, Missouri 64601.

f. Puroose of Dam. The dam impounds a 1050 acre recreational reser-
voir. It also provides flood protection on North Blackbird Creek.

g. Design and Construction History. The dam was designed by W. H.
Klingner & Associates, Quincy, Illinois. Portions of the construc-
tion plans for the dam are included with this report in Apt'endix
C. The dam was constructed in 1965 by Howard Construction Co.,
Sedalia, Mo. According to Ms. Quigley, Unionville City Clerk,
this project was financed by a loan from the U.S.D.A. Farmers
Home Administration (FHA) to the Putnam County Lake Association,
Inc.

-2-



h. Normal Operating Procedure. The spillways are uncontrolled.
According to Mr. Cawley, former Lake Association Manager, the
reservoir level is lowered 4 feet every fall to provide addi-
tional flood storage and to protect shoreline facilities.

1.3 PERTINENT DATA

a. Drainaqe Area. 15,580 acres (24.34 square miles). Includes
area of Unionville City Reservoir (1.4+sq. mi.).

b. Discharge at Damsite.

(1) All discharges at the damsite are through an uncontrolled
reinforced concrete drop inlet (riser) with a reinforced
concrete box conduit through the dam and an uncontrolled
vegetated earth spillway cut through the left abutment with
a bituminous covered road normal to the spillway acting as
a weir control.

(2) Estimated maximum flood at damsite - just below crest of
emergency spillway according to report by Mr. Cawley.

(3) The principal spillway capacity varies from 0 c.f.s. at
elevation 969.0 feet to 1,170 c.f.s. at the cr st of the
emergency spillway (elevation 973.0 feet) to 1,370 c.f.s.
at the minimum top of dam (elevation 977.4 feet).

(4) The emergency spillway capacity varies from 0 c.f.s. at its
crest elevation 973.0 feet to 6,900 c.f.s. at elevation 977.4
feet (minimum top of dam).

(5) Total spillway capacity at the minimum top of dam is 8,270

c.f.s. +.

c. Elevations. (Feet above M.S.L.)

(1) Observed pool - 968.2
(2) Normal pool - 969.0
(3) Spillway crests

Principal - 969.0
Emergency - 973.0 (Minimum, top of roadway)

(4) Maximum experienced pool - 972+
(5) Top of dam (minimum) - 977.4 (Minimum on left end)
(6) Stream bed at centerline of dam - 923+
(7) Maximum tailwater - Unknown

d. Reservoir. Length (feet) of pool.

(1) Principal spillway - 28,000+
(2) Emergency spillway - 32,000+
(3) Top of dam (minimum) - 36,0?0+

-3-



e. Storage (acre-feet).

(1) Observed pool - 15,700+
(2) Normal pool _- 16,500+
(3) Spillway crest(s)

Principal - 16,500 +
Emergency - 21,100 +

(4) Maximum experienced pol - 20,000 +
(5) Top of dam (minimum) - 27,400 +

f. Reservoir Surface (Acres).

(1) Observed pool - 1,000 +
(2) Normal pool - 1,050 +
(3) Spillway crest (s).

Principal - 1,050 +
Emergency - 1,300 +

(4) Maximum experienced pool - 1,250 +
(5) Top of dam (minimum) - 1,570 +

g. Dam.

(1) Type - Rolled earth fill
(2) Length - 1,700 feet +
(3) Height - 54.4 feet
14? Top width -_30 feet

Side slopes.
(a) Downstream-IV on 3H (plans) IV on 3H to 3.4H (measured)
(b) Upstream-IV on 3H (plans) 1V on 3.3H (measured)

(6) Zoning - Homogeneous impervious fill with downstream shell
of random fill.

(7) Impervious core - Homogeneous
(8) Cutoff - Located under upstream berm, bottom width = 10 feet,

depth varies from 5 feet to 70 feet.
(9) Grout curtain - None

(10) Wave protection - Durable rock riprap
(11) Drains - Blanket and trench drain with perforated corrugated

metal pipe.

h. Spillways.

(1) Principal (uncontrolled)
(a) Type. Reinforced concrete drop inlet (riser) with

inside dimensions 7 feet wide and 18 feet long (includ-
ing 8" anti-vortex wall). The reinforced concrete outlet
conduit box is 7 feet wide and 6 feet high.

(b) Crest (invert) elevation - 969.0 feet (M.S.L.)
Invert conduit entrance elevation - 954.0 feet (M.S.L.)
Invert conduit outlet elevation - 927.0 feet (M.S.L.)

(c) Length of conduit - 200 feet
(d) Energy Dissipator - St. Anthony Falls (S.A.F.) type
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(2) Emergency.

(a) Type - Vegetated earth, uncontrolled, cut through left
abutment. Bottom width and side slopes are not well
defined.

(b) Control Section - Bituminous road running normal to
spillway channel centerline, approximately 20 feet wide.

(c) Crest elevation (minimum top of road) - 973.0 feet(M.S.L.).

(d) Upstream channel - Centerline channel approach to road,
3.7% grade.

(e) Downstream channel - Centerline channel exit from road,
3.1% grade.

i. Diversion Channel and Regulating Tunnel. None.

j. Requlatin 9 Outlet. Reinforced concrete box with 14 foot entrance
and 4' x 4u conduit. Operated by use of slide gate.

-5-

S .. '



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Plans for construction of the dam were supplied by the Lake Owner's
Association and are included in Appendix C of this report.

Copies of Geologic Reports, Logs of test holes and Soil Engineering
report were ptovided by W. H. Klingner & Associates and are included
with this report in Appendix E.

2.2 CONSTRUCTION

No construction data were available. It was reported by Mr. Cawley,
Lake Owner's Association's former manager, that the dam was constructed
in 1965 by Howard Construction Co., Sedalia, Missouri. Mr. Cawley
worked for the contractor at the time of construction. He reported
that the dam was constructed according to the plans and specifications
except that the core trench was extended to as much as 70 feet in
depth in some areas in order to bottom out in blue glacial clay.

2.3 OPERATION

No data were available on spillway operation. It was reported by Mr.
Cawley that the emergency spillway has never operated. The highest
reservoir level occurred in 1976 or 1977 when the water reached the
level of the roadway across the emergency spillway. Mr. Cawley also
reported that the reservoir level is lowered about 4 feet during the
fall of each year, by operation of the drawdown facility. Prior to
lower ing the lake level, the Association alerts about 15 landowners
downstream so that they can move equipment and/or animals across
North Blackbird Creek before the water comes down.

2.4 EVALUATION

a. Availability. All data was readily available from W. H. Klingner
IAssociates, the Lake Owners' Association and The Missouri
Geological Survey.

b. Adequacy. The available data, field surveys, and visual obser-
vation presented herein are considered adequate to support the
conclusions of this report. Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines for
Safety Inspection of Dams" wer not available, which is considered
a deficiency. These seepage dnd stability analyses should be
performed for appropriate loading conditions (including earthquake
loads) and made a matter of record.
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c. Vaidity. All data provided appears to be valid. However,
mainy of the design recommiendations and conclusions presented in
Dr. Fry's Soils Report are not supported by test data or
engineering analyses.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Lake Thunderhead Dam was
made on May 6, 1980. Engineers from Hoskins-Western-Sonderegger,
Inc., Lincoln, Nebraska making the inspection were: R. S. Decker,
Geotechnical; Gordon Jamison and Garold Ulmer, Hydrology. Mr.
Harold Cawley, former Lake Owners' Association manager, accom-
panied the inspection team part of the time.

b. Dam.

(1) Geology & Soils (abutment & embankment) Soils in the area
consist of a thin mantle of loess (CL) overlying thick de-
posits (up to 100 feet) of glacial till. Materials in the
abutments consist of stratified glacial till varying in
texture from clay (CL-CH) to clayey sands (SC) to sands and
gravels. Materials in the valley section consist of alluvial
silts and silty clays to depths of 10 to 20 feet, underlain
by glacial silty sands and sands to depths of 50 or 60 feet
which is underlain by glacial clays (CL-CH). The cutoff
across the valley section extends to depths of 70 feet in
some places in order to land in CL-CH materials. The
embankment is composed of good CL materials borrowed from
both abutment areas.

(2) Upstream Slope - The upstream slope looks good. It is well
protected with durable limestone and quartzitic sandstone
riprap as shown in Photo's 9 and 16. There is some erosion
of the abutment at the left end of the riprap that extends
2 or 3 feet above the normal water line as shown in Photo's
7 and 8. A few small trees are growing on the upstream slope.
No abnormal deformations or slumps were observed on the slope.
Measurements of the exposed portion indicate that the slope
is slightly flatter than the 3H on 1V shown on the plans.

(3) Crest. The crest is paved with asphaltic concrete as shown
in Photo's 13 and 14. No cracks or abnormal deformations
were observed on the crest. Measurements along the crest,
shown on Plate (C-32), show crest elevations equal to or
slightly higher than shown on the plans. This indicates that
anticipated foundation consolidation occurred during
construction.

(4) Downstream Slope - The downstream slope, shown in Photo's
17 and 30, is covered with a dense growth of adapted grasses.
The cover and vegetative litter is so dense that it obscures
most surficial evidence of rodent activity or minor erosions.
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One small rodent hole was observed (Photo No. 21), but
others could be present. Measurements of the slope pre-
sented on Plate C-31 indicate that it is slightly flatter
than the 1V on 3H shown on the plans. There is some indi-
cation of wetness in the surface drainage ditch along the
upstream edge of the berm as shown in Photo's 20 and 38.
However, this wetness on the berm appears to be due to
imperfect discharge of surface drainage. There were no
indications of erosion, bulges, slips or other deformations
on the slope. There were no indications of seepage on the
slope or along the toe of the principal embankment. However,
there is considerable seepage outcropping around the walls
of the sewer lift station located downstream from about
station 8+00 and about 100 feet right of the principal
spillway outlet structure (S.A.F. basin). Plates C-28, C-29
and C-30 show the location and plans for the lift station
which will serve the sewer line passing under the reservoirI and dam from the west side of the lake. Photo's Nos. 23,
25, 26, 27, and 28 show the seepage around the lift station.
The seepy area is very spongey and semi-bouyant. Seepage
discharge from the area, part of which is shown in Photo 26,
is estimated at about 1 g.p.m. The sewer line into the lift
station is not in use and is capped at its termination in
the bottom of the station as shown in Photo No. 39. The
floor of the lift station is essentially dry as shown in
Photo No. 40.

Mr. William's reports, (Appendix E - Division III) in 1972
and 1978, mentions seepage from a terrace on the left abut-
ment. The location of Mr. William's seeps is not known.
He may be referring to seeps in the outlet of the emergency
spillway channel adjacent to the sewage lagoons as shown in
Photo's 36 and 37. (Most of this seepage appears to come
from the north lagoon). The seepage outcrops around the
lift station at about elev. 940. If this seepage was dis-
charging through the left abutment, it would appear that
the weep holes in the principal spillway outlet at elevation
928 and below, would be flowing since the spillway is located
between the left abutment and the lift station. It seems
likely that the seepage around the lift station originates
from or around the sewer line that passes under the dam.

The outlet for the foundation drainage system was not visible
(covered with rocks). Discharge from the drain is ponded
in the old channel, downstreamfrom the outlet and it was not
possible to estimate the quantity (See Photo No. 22).

-9-
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There was no indication of seepage in the abutment troughs.
However, there is a headcut about 6 feet deep and a gully
in the right abutment trough that extends from the berm
to the toe of the dam. The concrete surface drain down
the right abutment trough extends only from the top of the
dam to the berm and not to the valley floor as shown on the
plans. The sewer line which traverses the berm is exposed
in the gully head cut in the right abutment trough as shown
in Photo No. 18. Photo No. 19 shows the end of the concrete
lined ditch and the headcut at the upper end of the gully.

c. Appurtenant Structures.

(1) Principal Spillway. Measurements of the principal spillway
indicate that it was constructed according to the plans.
The inlet riser structure, trash rack and drawdown valve
appear to be in good condition. No spalling or deterioration
was observed in the inlet structure. The inlet is shown in
Photo's 10, 11 and 12. The outlet structure shown in
Photo's 28 and 33, is generally in good condition. Some
spalling was noted in the concrete headwall of the spillway
conduit as shown in Photo No. 31. Weep holes in the outlet
structure are operating as shown in Photo No. 34. A cotton-
wood tree is growing immediately adjacent to the right wall
of the S.A.F. basin. A large rodent hole was observed ad-
jacent to the tree on the right wall of the S.A.P. basin.
Photo's 28 & 29 show the tree and rodent hole. Some slumping
and seepage was noted in the right bank of the earth channel
just downstream fro!' the outlet structure as shown in Photo
No. 32. All seepage was clear and no boils were observed.
This seepage could be associated with the seepage described
around the lift station.

(2) The emergency spillway is well vegetated with adapted grasses
as shown in Photos 3, 4, 5 and 6. (No slumps, erosion or
deformations were noted in the spillway). The asphaltic road-
way across the dam crosses the spillway and serves as the
crest or control section ofltie spillway. The spillway has
never operated. Some seep areas were observed toward the
lower end of the outlet channel as shown in Photo No. 36.
Discharge was clear and too small to estimate. A consider-
able amount of seepage was observed along the left side of
the outlet channel, adjacent to the north sewage lagoon.
Most of this seepage appears to originate from the lagoon(s).
Seepage discharge from this area was clear and estimated at
2 to 3 g.p.m. The emergency spillway channel discharges into
the exit channel for the principal spillway. Emergency
spillway discharges should not encroach upon the dam.
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(3) Drawdown Facilities. The drawdown facility consists of a
4 ft. x 4 ft. conduit outletting into the principal spillway
riser. It is controlled by a rising stem slide gate located
in the upstream wall of the riser. The facility appears to
be in good condition. It is operated every fall of the
year to draw down the reservoir level. The drawdown gate
valve is shown in Photo No. 12.

d. Reservoir Area. The reservoir is surrounded by grassland and
woods. Some erosion is evident around the shoreline, but it does
not appear to be serious.

e. Downstream Channel. The old stream channel has been partially
filled and now serves only as an outlet for the toe drain. The
two spillways outlet into an excavated channel which is clear of
obstructions aind pretty well stabilized with rock riprap as shown
in Photo No. 35. This channel enters the old North Blackbird
Creek channel about 450 feet downstream from the toe of the dam.

3.2 EVALUATION

This structure appears to be constructed as shown on the plans pre-
sented in Appendix C. The structure is generally in good condition.
It appears to be structurally stable against shear failure. The
source and potential detrimental effects of seepage around the lift
station should be investigated. Deterioration of the concrete head-
wall around the principal spillway outlet could become serious unless
it is repaired. The tree and rodent hole observed along the principal
spillway outlet structure should be removed and the area restored.
The headcut and gully in the right downstream abutment trough could
ultimately result in considerable damage to the dam if not repaired.
The few small trees should be removed from the upstream face and the
erosion at the left end of the riprap should be controlled. Tree
removal should be done under the guidance of a professional engineer
experienced in the design and construction of dams.



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The pool level is primarily controlled by rainfall, infiltration,
evaporation, and the capacity of the uncontrolled spillways. How-
ever, the drawdown facility is opened during the fall of each year,
and the reservoir level is lowered about 4 feet below the principal
spillway crest elevation. This provides additional flood protection
and reduces potential damage to shore installations during the winter
and spring runoff periods. Some 15 landowners and/or operators are
notified prior to lowering the lake level so that livestock and
equipment can be transferred across the North Blackbird Creek before
the creek rises.

4.2 MAINTENANCE OF DAM

At the present time there does not appear to be any regular mainten-
ance on the structure. Mr. Cawley reported that up until about four
(4) years ago the downstream slope and emergency spillway was mowed
twice a year, trees were removed, and other general maintenance work
was performned.

4.3 MAINTENANCE OF OPERATING FACILITIES

The drawdown facility appears to be maintained in satisfactory con-

dition.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN'EFFECT

There is no warning system in effect for this dam.

4.5 EVALUATION

A program of regular maintenance needs to be established so that cor-
rective measures can be taken prior to problems becoming major in
scope. Most of the deficiencies observed during the field inspection
can be attributed to the lack of regular maintenance. The lowering
of the lake each fall should be continued.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Plans for the dam, as prepared by W. H. Klingner
and Associates, Consulting Engineers, Quincy, Illinois, were
obtained from the Lake Owners' Association.

b. Experience Data. The drainage area, reservoir surface area, and
elevation-storage data were developed from the USGS Lake Thunderhead
and Unionville West, Missouri 7 1/2 minute topographic quadrangle
maps and other data prepared by W. H. Klingner & Associates and
presented in the Plans shown in Appendix C. The hydraulic compu-
tations for the spillway and dam overtopping discharge ratings
were based on plan specifications and data collected in the field
at the time of the field inspection.

c. Visual Observations.

(1) The principal spillway appears in good condition except for
the spalling of the concrete at the headwall at the downstream
end of the reinforced concrete box conduit. There is some
shoreline erosion at the entrance to the emergency spillway.
Otherwise it appears to be in good condition.

(2) The emergency spillway,exit channel and the transverse asphalt
surfaced road across the spillway channel appear to be in
good condition. Spillway releases will not endanger the in-
tegrity of the dam.

(3) Riprap on the upstream face of the dam is excellent.

d. Overtopping Potential. The spillways are too small to pass the
probable maximum flood without overtopping. The spillways will
pass the 1% probability flood as well as 40% of the probable
maximum flood without overtopping the dam. Overtopping by the
probable maximum flood could be expected to result in erosion
of the crest and embankments and subsequent failure of the dam.

The results of the routings through the dam are tabulated in
regards to the following conditions:

Inflow Outflow Maximum * Maximum Depth Duration
Discharge Discharge Pool Over Dam Over Top

Frequency c.f.s. c.f.s. Elevation Feet Hours

1/2 PMF 29,200 12,600 978.4 1.0 7
PMF 58,600 45,400 981.6 4.2 13

0.40 PMF 23,500 8,100 977.4 0 --

*Minimum top of dam elevation - 977.4
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According to the recommended guidelines from the Department
of the Army, Office of the Chief of Engineers, this dam is
classified as having a high hazard rating and an intermediate
size. Therefore, the Probable Maximum Flood is the test for
the adequacy of the dam and its spillway.

The estimated damage zone is described in Paragraph 1.2d in this
report.

I
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observation. This dam appears to be structurally stable
from the standpoint of shear strength. The side slopes are
slightly flatter than planned, and there are no signs of distress.
The source of seepage around the lift station and its effect on
stability is not known. If the source of the seepage is related
to the placement and/or the integrity of the sewer line under
the embankment, this seepage could impair the integrity of the
dam through piping and excessive uplift if it is left uncontrolled.

b. Design and Construction Data. The structure appears to be con-
structed in accordance with the plans provided by W. H. Klingner
& Associates. Shear strength and other analytical parametric
data were not available. Seepage and stability analyses compar-
able to the requirements of the "Recommiended Guidelines for Safety
Inspection of Dams" were not available which is considered a
deficiency. Construction data were not available. However, Mr.
Cawley, who worked for the contractor at the time of construction,
reported that the contractor followed the construction specifica-
tions. The specifications for Class I fill called for 95% of
maximum ASTM D698 at moisture contents of optimum + 2%.

c. OperatnRecods. No operating records were available. Mr.
Cawly reor ted that the reservoir is lowered 4 feet each fall

through the drawdown facility. He also reported that the emergency
spillway has not operated.

d. Post Construction Changes. A 6-inch cast iron pipe waterline and
a 10-inch clay pipe sewer line were installed along the downstream
berm of the embankment in 1968 or 1969. Plans for these lines
are shown on Plates C-27, C-28, C-29 and C-30. Installation of
these service facilities on the berm do not appear to have any
adverse affect upon the stability of the dam. Photo No. 24 shows
one of the manholes for the sewer line across the berm.

e. Seismic Stability. This dam is located in Seismic Zone 1.
An earthquake of the magnitude predicted in this area is not
expected to cause structural failure of this dam.
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SECTION 7 -ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety This structure appears to be in relatively good condition.
3St-ility and seepage analyses were not available which is con-
sidered a deficiency. The source and effects of seepage discharg-
ing around the lift station downstream from about station 8+00
should be determined. Several deficiencies in maintenance were
noted and should be corrected. These include: lack of mowing
(or other control) of the heavy grass cover on the downstream
slope; erosion in the right abutment trough downstream from the
berm; concrete deterioration in the outlet headwall of the princi-
pal spillway; tree growth and rodent activity along the right wall
of the principal spillway outlet; tree growth on the upstream face;
and some erosion in the abutment at the termination of the riprap
on the left end of the dam and apparent accumulation of surface
drainage along the upstream side of the berm. Analyses performed
for this report indicate that the spillways will pass the 1%
probability flood and about 40% of the PMF without overtopping
the dam. These analyses include inflow that would result from
breaching the Unionville City Reservoir, located just upstream
from this reservoir. Overtopping by the probable maximum flood
could be expected to result in erosion of the crest and embankments
and subsequent failure of the dam.

b. Adequacy of Information. The conclusions in this report are based
upon performance histor and visual observations. Seepage and
stability analyses comparable to the requirements of the "Recom-
mended Guidelines for Safety Inspection of Dams" were not available
which is considered a deficiency.

c. Urgen. A program should be developed as soon as possible to
mo~nitor at regular intervals the deficiencies described in this
report. The remedial measures recommended in paragraph 7.2b
should be accomplished in the near future. The item recommended
in paragraph 7.2a should be pursued on a high priority basis.

d. Necessity for Further Investigations. The additional studies and
analyses recommended in paragraph 7.2 should be accomplished by
the owner in the near future.

e. Seismic Stabilit . This dam is located in Seismic Zone 1. An
eatquake of this magnitude is not expected to be hazardous to

this darn. It is recommended, however, that the prescribed seismic
loading for Seismic Zone 1 be applied in any stability analyses
performed for this dam.

-16-



7.2 REMEDIAL MEASURES

The following remedial measures and maintenance procedures are recom-
mended. All remedial measures should be performed under the guidance
of a registered professional engineer experienced in the design and
construction of earth dams.

a. Alternatives.

(1) The spillway size and/or the height of dam should be increased
to pass the probable maximum flood without overtopping the dam.

b. Operation and Maintenance Procedures.

(1) Stability and seepage analyses comparable to the requirements
of the "Reconmmended Guidelines for Safety Inspection of Dams"
should be performed for appropriate loading conditions, includ-
ing seismic forces. These analyses should be performed by a
professional engineer experienced in the design and construc-
tion of dams.

(2) Studies should be conducted to determine the source and
effects of seepage discharging around the sewage lift station.
This may require installation of piezometers and/or closed
circuit television inspection of the sanitary sewer line which
passes under the reservoir and the dam. This should be done
under the guidance of a professional engineer experienced in
the design and construction of dams. Remedial measures may
be required.

(3) The trees growing on the upstream slope, as well as the trees
growing along the right wall of the principal spillway, should
be removed under the guidance of a professional engineer
experienced in the design and construction of dams.

(4) Additional riprap should be placed on the left end of the dam.

(5) The headcut and gully erosion in the right abutment trough
downstream from the berm should be repaired and measures taken
to control future erosion in this area.

(6) The slumps and/or slides in the right bank of the scour hole
downstream from the principal spillway outlet should be

repaired and stabilized.

(7) The concrete deterioration in the headwall of the principal
spillway outlet should be repaired.

(8) The grass on the downstream slope should be mowed and measures
taken to control the growth and amount of litter that accumu-
lates. Rodent holes or other surface scars revealed by the
mowing should be repaired.
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(9) The rodent hole along the right wall of the principal spill-
way outlet should be repaired.

(10) A program of periodic inspection and maintenance should be
initiated in order to protect the integrity of the dam.
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PHOTO NO. 2 - OVERVIEW OF DAM FROM UPSTREAM ON LEFT
ABUTMENT

PHOTO NO. 3 - EMERGENCY SPILLWAY CREST TAKEN FROM LEFT END

PLATE B-2



PHOTO NO. 4 - VIEW UPSTREAM IN EMERGENCY SPILLWAY

PHOTO NO. 5 - VIEW DOWNSTREAM IN EMERGENCY SPILLWAY

PLATE B-3



PHOTO NO. 6 - EMERGENCY SPILLWAY CHANNEL AND SEWAGE
LAGOONS FROM LEFT END OF DAM

/-
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1$ PHOTO NO. 7 - EROSION ON UPSTREAM SLOPE NEAR BEND IN
Ii CENTERLINE ON LEFT END

PLATE B-4



PHOTO NO. 8 - UPSTREAM FACE FROM LEFT END

PHOTO NO. 9 - UPSTREAM FACE AND CREST TAKEN FROM LEFT OF

CURVE IN CENTERLINE LOOKING SOUTH

-PLATE B-5



PHOTO NO. 10 - VIEW UPSTREAM WITH PRINCIPAL SPILLWAY

INLET IN FOREGROUND

-I

PHOTO NO. 11 - DOWNSTREAM BAY OF PRINCIPAL SPILLWAY INLET

PLATE B-6



PHOTO NO. 12 - UPSTREAM BAY OF PRINCIPAL SPILLWAY INLET
SHOWING SLIDE GATE

PHOTO NO. 13 - CREST FROM CURVE TOWARD LEFT END LOOKING
SOUTH

-PLATE B-7



PHOTO NO. 14 -CREST FROM CURVE IN DAM LOOKING NORTH

>7..

PHOTO NO. 15 - VIEW DOWNSTREAM SHOWING OLD CHANNEL AND

HIGHWAY BRIDGE IN BACKGROUND

PLATE B-8



PHOTO NO. 16 - UPSTREAM FACE FROM RIGHT END

PHOTO NO. 17 - DOWNSTREAM FACE FROM RIGHT END

PLATE B-9



PHOTO NO. 18 - GULLY ERODED IN RIGHT ABUTMENT TROUGH
DOWNSTREAM FROM BERM

kt.

PHOTO NO. 19 - CONCRETE LINED DITCH IN RIGHT ABUTMENT
TROUGH. GULLY BEGINS AT END OF LINED DITCH

PLATE B-1O



PHOTO NO. 20 - CATTAILS AND WILLOW TREE (BACKGROUND)
GROWING IN DITCH IN BERM

PHOTO NO. 21 - SMALL RODENT HOLE IN DOWNSTREAM SLOPE

PLATE B-11
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PHOTO NO. 22 - VIEW DOWNSTREAM IN OLD CHANNEL. WATER IS
THE DISCHARGE FROM TOE DRAIN

PHOTO NO. 23 - SEEP AREA AROUND AND TO LEFT OF SEWAGE
LIFT STATION

PLATE 8-12
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PHOTO NO. 24 - MANHOLE ON SANITARY SEWER CROSSING THE BERM

PHOTO NO. 25 - SEEP AREA AROUND LIFT STATION. VIEW LOOKING
EAST

PLATE B-13.



PHOTO NO. 26 - SEEPAGE
DISCHARGE FROM LIFT
STATION AREA. LIFT
STATION IN BACKGROUND

PHOTO NO. 27 SEEPAGE AROUND UPSTREAM SIDE OF LIFT STATION

PLATE B-14



PHOTO NO. 28 - PRINCIPAL SPILLWAY OUTLET WITH LIFT STATION AND
SEWER LINE TO RIGHT

PHOTO NO. 29 - TREE AND RODENT HOLE AT RIGHT SIDE OF SPILLWAY
CHUTE

PLATE B-15
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PHOTO NO. 30 - DOWNSTREAM SLOPE FROM EMERGENCY SPILLWAY
CHANNEL. LIFT STATION AND SEWER LINE ON LEFT

WIF

PHOTO NO. 31 - SPALLING OF CONCRETE IN PRINCIPAL SPILLWAY
OUTLET

PLATE B-16



PHOTO NO. 32 - SCOUR AND SLUMPS IN RIGHT SIDE OF PRINCIPAL
SPILLWAY SCOUR HOLE. PIPE IS DRAIN FROM
LIFT STATION

1.

ii

PHOTO NO. 33 - OUTLET OF PRINCIPAL SPILLWAY

PLATE B-17



PHOTO NO. 34 - WEEP HOLES IN LEFT WALL OF PRINCIPAL SPILLWAY
OUTLET CHANNEL

PHOTO NO. 35 - LOWER END OF OUTLET CHANNEL FOR PRINCIPAL
SPILLWAY

PLATE B-18



PHOTO NO. 36 -SEEP IN OUTLET CHANNEL OF EMERGENCY SPILLWAY.
CATTAILS GROWING ALONG BASE OF SEWAGE LAGOONS

PHOTO NO. 37 -SEEPAGE FROM SEWAGE LAGOONS

PLATE B-19
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PHOTO NO. 38 - SURFACE
DRAIN DITCH ALONG BERM

4..
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PHOTO NO. 39 - CONNECTION OF SEWER LINE UNDER DAM WITH
LIFT STATION

PLATE B-20



PHOTO NO. 40 - OUTLET FOR DRAIN IN BOTTOM OF LIFT STATION.
DRAIN PIPE OUTLET SHOWN IN PHOTO NO. 32

PHOTO NO. 41 - FARMSTEAD ABOUT 1 MILE DOWNSTREAM ON LEFT SIDE
OF NORTH BLACKBIRD CREEK., PHOTO TAKEN LOOKING
NORTH FROM CREEK.

PLATE B-21
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PHOTO NO. 42- FARMSTEAD SHOWN IN PHOTO NO. 41. PHOTO
TAKEN LOOKING SOUTH TOWARD FLOOD PLAIN

PHOTO NO. 43 - FARMSTEAD ON RIGHT SIDE OF NORTH BLACKBIRD
CREEK APPROXIMATELY 1 MILE DOWNSTREAM.

PLATE B- "
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APPENDIX D
HYDRAULIC AND HYDROLOGIC DATA
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HYDROLOGIC COMPUTATIONS

1. The SCS dimensionless unit hydrograph and the systemized computer
program HEC-1 (Dam Safety Version), July 1978, prepared by the
Hydrologic Engineering Center, U.S. Corps of Engineers, Davis,
California, were used to develop the inflow hydrographs (See this
Section).

a. Forty-eight hour, 1 percent probability rainfall for the dam
location was taken from the data for the rainfall station at
Kirksville, Mo. as supplied by the St. Louis District, Corps of
Engineers per their letter dated 4 March 1980. The forty-eight
hour probable maximum precipitation was taken from the curves
of Hydrometeorological Report No. 33 and current Corps of Engineers
and St. Louis policy and guidance for hydraulics and hydrology.

b. Drainage area = 24.34 square miles (15,580 acres). Includes area
of upstream Unionville City Reservoir (1.4+ sq. mi.).

c. Time of concentration of runoff = 5.17 hours (computed from
"Kirpich" formula, with longest length broken into three sections
then totaled).

d. The antecedent storm conditions for the probable maximum preci-
pitation were heavy rainfall and low temperatures which occurred
on the previous 5 days (SCS AM~C 111). The antecedent storm con-
ditions for the 1 percent probability precipitation were an average
of the conditions which have preceded the occurrence of the maxi-
mum annual flood on numerous watersheds (SCS AMC II). The initial
pool elevation was assumed at the crest of the riser. No antece-
dent storm was required due to the utilization of the forty-eight
hour storm.

e. The total forty-eight hour storm duration losses for the 1 percent
probability storm were 2.26 inches. The total losses for the PMF
storm were 1.03 inches. These data are based on SCS runoff curve
No. 79 and No. 91 for antecedent moisture conditions SCS AMC 11
and AMC III respectively. The watershed is composed of primarily
SCS hydrologic soil groups, B, C & D. (Seymour (C) - Adair (D) -
Shelby (B) soil association). Area is about 80% crops and 20%
forested and pasture. Row crops are predominant with very little
being contoured or terraced.

f. Average soil loss rates = 0.05 inch per hour approximately.

2. The discharge ratings for the principal spillway were developed using

equations for orifice and weir flow. They are as follows:

PLATE D-1



a. Orifice flow equation (Q =CAvi gH
where C = orifice coefficient = 0.6 of weir crest, .9 at conduit

entrance.
A = area of opening, ft2 = 121.4
H = total head, ft.

b. Weir flow equation (Qw = CLH I"5 )
where C = weir coefficient = 3.0 (from SCS Engr. Memo 50)

L = length of weir, ft. = 58.6
H = total head, ft.

The emergency spillway discharge rating was developed using methods
for flow over Highway Embankments in U.S.G.S. TWRI, Bk. 3, Ch. A-5
(coefficients based on h/L ratios, paved road surface, and nosubmergence).

The flows over the dam crest were developed using the HEC-1 (Dam Safety
Version) program using the irregular top of dam option.

3. Floods were routed throughthe reservoir using the HEC-1 (Dam Safety
Version) program to determine the capabilities of the spillway and dam
embankment crest. A 24-hour PMF storm was first routed through theupstream Unionville City Reservoir dam using data obtained from plans.
The upstream dam spillway passed the PMF storm so a breach was not
considered necessary for routing through Thunderhead Reservoir. The
upstream reservoir was then routed in series using the 48-hour storm.
The input, output, and plotted hydrographs are exhibited in this Section.

PLATE D-2
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IT

iesult of u4"-ne so' is in,,:., - ~at'.on th _ a a be-,,n

conducted at the site, of the propoSod dam in Futnav., Conty

Missouri are iummarized In th1s repo--'. Laboratory testih&. .i,

ad analyl-sis 'has been authorized by 114i Earle Cftmnness of ...

R. -1, As ae ,0- -1 n

in behaloff the Putnam County LaL-e .3soci.ation, sponsors of

:1-,oLAn7 ai.rd S.pl,. - ionl-; ,iene conduat ,>

the Missouri Conservation Commission under the dirction of the.

Consulting Engineers.

SITE__. !3F , 17,.r nw

Site of the proposed earth dam is located in the

valley of Blackbird Creek about 1000 feet west of State Route

5 north of Unionville, Missouri. The stationing used to desig-

nate the centerline of the roposed dam originates on the north

abutment and terminates at Station 16, + 90 on the south abutment.

Borings located on the basis of a loreliminary centerline survey

originate5 at Station 0 on the north abutmet and terinated at

Station 16 + 25 on. the south abutment. Exact location of these

tvwo linen ane of all the borinrs is indicated on the Soil Boring

,ocat flcn .an prcrt-red by r.e. anrl Z. socIatos, a ated O-t oer,

. .. The va' iycc -  h is auil l'vsi 5nd exis

!ir

-=-- *, , A . - 1



sEi~ hron t h v1 ii f I Oz to 0 a a

60 and 0. The ground s-lface is sorieuhat steeper at the south

abutment where the elevation chances from 935 to 977 between

Stations 14 +20 and 16 + 90. At the. north abutment the maxim=m

eiav-tion is about 977.

Elevations in excoss of 1020 m-- reportad for thc

3 l rd -I'aes. ab~ove the "errrznu-c o!' th,- -am.M  at 'CI," c,

abutment.

Currently the main channel of Blackbird Creek le

about 25 feet wide and has a maxirmm dapth of about 7 feet.

'11th a crest elevation of about 977 -nd a u ater elevatioD of

970 the im.oounzed la-!e will have a s-""'ffaco area o about

1200 acres.

Both of tha abutmonts at this site censist of

material deived from the ietivities of lacle.'s. iy nizans :,-f'

ori.ng- and laboratory tests on repr'asnta-,e s thz

character' sties of this glacial drift have been establishod,

'2he rolatively flat valley bottom results Vrom the depo.lon

7f el]-.t!' in a val.ley that- was carves,.' nto the .!I z2'

• *'." - :-J:',C *.-C. C. -Zs,"n tb,$~ 1 ! Trs ,2- ""' ".
" .. ch r- L -c - - .: -

.. .. "

. ..............]- I ..... I ..... . . . .............. ..... I-
:
..... 1 Il'i



" ..-- C.. ('*.,

... _ . t ..- . . ..

r 1i o -ooed 'borrcw aiteas l.ocated : t"i'. & 31 1v'r

mae:~cine ategr borings ,.ere msr,-v- at 1in- .o, &s

the Sol! Boring LQoation Map. In addition,. hand araer borin-s

were made at Inaccessible locations u)stream from t1he centerline

of the proposed dam,"- Depth- oi drilling varied considerably de-

PendinZ on the location of the boring. In -eneralthe bcri"- z

in the glacial till were 6rilled to a dipt'. uuffioient to Inur

the t nifority of the deipoit. Zo:inrs in th bozo. . .

drilled below the maxim= depth of the proposed borrow acava-Qn.

All borines in the stream valley wePe drilled to the

gray clayey silt glacial till that underlies the alluvium.

Standard' pentstrat-Lon tea's a ore i' "-rf-zmod at 7.c

elevations as the borings proeressed. This teat is performed

b7 driving a 3- 3/8 Inch inside--2 Lnch outside dia-eter split

) poon sampler Into the idisturbed soil ev the bottcm of the

drill hole by means of a 140 poud weight falling a distanco of

30 Inches. The number of blows requlired to driv3 ths s-niplc :,

distance of 12 Inches Is known as the "N" value -o the s oil and

i. recodod on the borin. logs. The "B" values are a rellablo

meastire of Lhe relative density of 0oheasonless soils and oan .:.

1-,--;,3 to esUiTiate the oonristoane of oohecI- ol"za

ab,:,

TWAI
i . .. ,a 9 "

"2Y 0 " - .j. , a' *4~



by p'essing 3-inch diamete- 2eamless tube sampiers into t&o

undisturbed soil bottom of the drill hole located near Station

12 + 95. These samples were sealed in the field and transported

to the laboratory fox- extrusion, and testing.

LA3O~tTOR~T THSTING

Laboratory tests on samples obtained from the borin-s

included visual descriptions, moisture content deterrinatlons,

unconfined com.zression tests, Atterberg limit determinations,

Standard Proctor moisture-denslty tests, and compression tests

on compacted samples. All of these tests were performed during

September and October- by iperiemed engineers. Results of these

tests are summarized in Tables I, II and III, tho boring logs, and

on the Standard Proctor curves apperded to this report. Test data

coupled with the fleld boring logs are used as a baols foz' de-

lineating and describing the differoat soil strata encoumtered

at this site.

SOIL CONMTITIO!IS

It is convenient to divide the deposits at ttiis site

into three separate groups when describing the sibsoil conditions.

The three groups include the glacis!. till in the abutment areas;

".. alluvium in the stroaa2 valley and the Ul2.i1ltill in th-

CQoX :.-w earea. Th I glaci:Zl till iL.. the ,c,+,..., -, tft3a.:

a4 th, tiII in the borrow area. . ' .

1K,-.]



r: -

ba---- ue.W Szocific details ~n"S=i .nig, ,L of trh-e

ma.telia! will be discussed in a !ater section o-f th' r 'nor.-

Sails enaoautered 1n tts abutment areas consist of

very s tiff to hard compact- lacia. till, ".4 values from the

standard penetratio. t es t conduated" on theae so.ls rage fZ'cm

0, "o 65, and the uneonfined com. resqive strenZth varI-q from

to 10 tons per-square foot. latural water content 7'sandes

froma 12 ,to 15 percent. Near tho surface the predominant

color is brown, but the color changes gradually with depth.. and

below a. depth of about 25 feet the color is predominantly 7a..

Throughot the .rofilw'IWas till is aharacterized by the oesence

of cosrse sand grains and small pebbles. Zrain sizo tnets c-

for repDresentative samples of this maerial are shown in TPb1c I.

"!early all of the soil passes the Uitmbor 10 sieve, -nd morn tha-n

70 percent passes the Nuber 200 siev . Grarln size tusts on 4!:c

ft1 U samples from the borrow areas Calso shown in Table 1)

indicate the same grain size distribution for the (1ac2l. till

in the borrow area near the south abutment&

The variable character of the alluvium in the stream

Is Indlated onr the soil profile showr in Figure 1 and on the

indviua3 boring logs, A layer of st iod g:'. .s i --

....-, ..ay silt was .nco .. , C- ..- -

c:.- ":;h=  b z. ' o -  The thicuiess of thi:. ,'? .... -

' A,



f z ..- r inort3Pes with ot The range in .;ater' ov-t i.,

10 to 30 percent with most of the values lying wlthin the ran;e

of 15 to 25 percent.. This relatively wide range in moisture

eontents is eausect hy destaccatio= otr the upper poz'tion of the

layer and by the presence of silty or sandy lenses In tha3

hOi specLnes. "N' values for tests perfornsd in th g3 straca

ran-e from 2 to 11 3nd the average i- about 6. Horizontal s t.at-

.at,. -  o7 t h:- sediments i raor oxronouncod In t:e no pot.on

of this strata. Such-a stratification indicates that. the poemea-

bility in the horizontal directon. is greater than 1.n the vertical

direction. Since the soil in this layer i predamincuntly fine

lrained it is obvious that the permeability will be quite low

axcept in the strata which contain appraciable portions off

sand. One undisturbed sample was taken frcm the upper layer at

,tation 12 + 96. The samplo was recovered from a depth of 6

feet, The unconfined aorpressive strength of this sample was

0.78 tons p square foot, and the natu,,al wataiv coicente was

h.3 percent. Liquid limit af the Sample was 32, rand the plastic

oilt was 20. This sample 13 olfsified as an inorganic clay -of

It,," plactlcity, ,,Tj aseerding to the Unifiez! Soll Ol1a 7iflcation

• -e he P-ot that 00 . .tu~ =a e_ o u, 11," o :. t h a\

7\_.., ..- , L :;.. ;.l. .. . A."

• . . ,



1.c& indicate the grain siz3 c aces - th. jeh, az in-.

holes the sand varied from fine near the o0 of ;he Laye e

coarse neea- the bottom. There is sacsm evidence of stratiflcation

in this strata. ;;iepeMmebiitY, of t he sandy 'aa.uviium.106s SzU:-

ficient to Caug seepage losses beneath t~h dam as well as giving

ise to the danger of piping due to seepa... Grain size et ,-

.'inations on samples of the sand indicate that ;his -i" .-iC

would ba classified as silty sand, Thre !,s an

Si!' content in most of the s,imp2es obtained fr-om 'ni san-1dy

laye . Thickness of the sand layer varies from a few feet 'nea

the north abutment to a maxim of 25 feet at Station 13 + 00.

All of the alluvial sedin-ints in the bao bottc --

underlain by a strata of 1-a'a y clayey silt which ccnt,.i2s come

coarse sand and pebbles. This stiff ooheswve &ater.lal ia of

Z1acial orILin an'd is similar to the glacial t ill of the ab-t-

ment and borow ar'as, The dlstance from ground sui-face tc thl

top of this imperxeable strata is about 32 feet betw:oon S±a-no s

7 + 00 and 12 + 00,, Between I + 00 and 13 + 50 twhe averea .4

depth to the glaoial till is variable and reach-s a iaxi r=' of

4~5 feet In the V'iqinitY if Station 13 + .0

In addition to the primary trt t ;e n

:.& .... .;ve- of the bo in!. c . .... . :, .> . - .

I u . .. .-. .* ,. ',,5

i.1
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Borings made both upst.ream, and downs4tream frcr. ths

centerline of the proposed dam are quite similar to the series

of borings made along the centerline.

Ground watez- level in the vailsy botton va.aies frc-

10 to 15 feet below tha ground surface, e.vcrn.' -P-h to -5.-

,eo z&t.r-  %,s aboutl3 feet whon th on "e 1m#,e j.'

h ionth of August. It is antipaed that, wh= a~x' lv:o1

will be enaountered at somewhat higher alevationi during the

wet season of the year, Lcavation of a cut-off trench below.4 " C

the water table will reouire special da-watering consilerations

in order to maintain stability of the slopes during construction

operations.
It has been nobed already tht the subsoil in the

borrow areas is essentially the same as that in the abutment

aIoas. 'Two separate borrow areas were investigated in the

course of this invest1gation. A total of four boringz were

drilled in the area south of the dam. These borings are desig-

nated ! through I., and the location is Indicated on the Soil

,oring Location Hap. Borin i 5, 6, 7 and 0-372 we- drilled 2'r

the:- borrow area at the north abrten 0o l£rc- .o,-s,"e"""

aar:.r of the soil enotunt3r'-e in ech .,1 - wir-

...bor.ste!y, The4 rezultz of af.- t,6ts sue .. .- T

WW L;U. I
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a (5e ?. "-emi a ulz o s In f lca e ti' ', .... -hys 1".,ai 1 r..... 0, '.Z

7 Ial till are quite tniform. The -s in liquid: l--z is

f rom 29 to 43 with an averagweof about 35. All of te samples

Vtested ar.e alassified as CL, Inorganic- clays of low to medin

plasticity, accordinr to the Unified Soil Classification.

t is noted that the av,- ra e opitim., moi+tuiar c-ntent

%t the south area is severa1 porcent lower thsn the nozth are;.,

z~ii ?;he mxiimdxry donsity ini t~na 3outh are '-! _'5u~

per cubic foot greater than the-sample, s from the north area.' This

difference in molstuire-density valu s may be attribut ed to the

±act that the borings in the south. area were nearly 45a feet dee,

,-;.hnreas all of the borings in the north area wee termilated at

a depth of 25 feet. This fact that the samples in the north

area are from a shallower depth may + ive an explanation for the

somewhat higher liquid lmit values for samples from borings 5

and 6.

Several water bearzing sand or silty sand pcacas

enooamtered in the borls. Oockets of this type are typical of

glaeial till deaoslts. They may ranEe from a few inches to

saveral feet in size and 'may occur at randon. locationz in rt . r

ST--eglar ahanos. it extensive E'ayid lense-' t- n'Lore'

. .- " will, "

oil J ar~l? '.;0

t P + , d % + + ' ' ,. : .% ' i + + " .. ." 'A
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I ve st.rentth of 'he soil when aorn-,acte- vt - ''-t t.r c-

t iets. The resu1ts of these ests ar e 3umimaizeI i n i" 1 . .

The percent opotlon- revorted. in thia table. 4,1 te relationshiplo

bet!-104 the Ot at rtha unconfiod, *cmpress ion test sample
- :

and t b* maximum dry denxtyU7 at aptixmum moisture eontezt. An
:pcti~on of' this diata indicates that it is possible to :.

oze th.an 95. percent of standard proctor mazimma donsity f:'ro

rang.'.e ge Df .noisturep contonts. ... .t of a

moistiwre content on the ahear strength is a move critical fzatur, .

.-id therefore careful considration of this item is essential* it

should be noted that- the rxmum shear strength was obtained at; a

water content sli.htly less than that associatod with the in-aximum

dry density. Also it is noted that a noticeable reductioa in

shear atrentbL oCowas as8 the moisture content is Increase.- above ,

that; required for mrnv$aum density.

*la ing of material dry of optimum is undesirabl,;

beicause of the danger of low density, Increasod p~n-eabili'y .

eteessIvae softenlng an@ settlement on saturation by the reservolr

rsultizM in pos'sble eacldmg of the.till. The noisture content

should not be aqpreciab7 gr.eater than optrnim, tor Proctor m i-,

.,en.l ty bec=-ose of the dffle.ult7 in. 1ae-1-o-g, *ucmz.2t t-'"

S " ,G"..

, .- i
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i7amm dry *ens-ity. Aranze of 2 re=i~ riit

value appears to be reasonable for the borrow ri. ater propoaad

Z'o! this hocmogenous dent

TRR&TMM~T OPP PBJDU OUWATION 
3

Tt~pz~ &.i~ stwttied sediments In the stream :Le

require special eonstderation In order to. ins,)re thIat the seepage'

losses beneath the dam are not excessive and the danger of a pipixg

failure is eliminated, Several methods of inte.-capting *,-:,e

Seepage beneath the darn have been considered b-rte rte n

the consultibg engineers. Amone th~ise methods are a cut-off

tr'ench, a partIAl. cutwioff 'tr~nch, sheet piling, grouting and

the use of' an unstreem blanket. The two-moat favor-3ble trseat..

f ~ ments from a cost stand oint are the u,3e of a out-off wall or

an upstream blanket.' The most positive method or controlling the

stmount of seepa"ge beneath the dam and Insuring that no dIfficulty

will be encountered du-i to piping through the foundation or by

uplift pressures at the toe is by the Ilnstallation of an imnpervious

cut-off trench from the existing-ground surface, to the Impermeable

glacial till WhL6 pdche the allnvium.' Use of a drainarie

L nkt-upstream from th*-dam woull not b~s aifcoya

aut-off trench because of danger of leaks in the blaznket aanal

b-e,,ause of the# amount of stri~orn- -and rter'ial rt,(cu_re.

L-t1ifactory cvr
The reln-ti'zely hip-h va'ter tb-vt oc.i-tl, W4ith t'Az:

'! tS I.'
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o n-_ -a, . The ,ratar tbie mu.:3t be IO~e-ed ii op'eD .c0

-:-'ntaln ctabiiity of the slopes and to ins-.x that the rollod ' -

2111 in the core trexch will be oanstzucted in the dry.. A single

stage of UOU po~zitw. Is capab- .e , -owering. ths water table about

15 feet. It I MJbe V.ess a',, tor I .we- thie water table nearly

30 feet thronehout mogt of t.he trench, and in the area from

Station 12 + 0 to 13 - 500 it will be necesnary to lower the

water table in excess of 140 feet. In order to accomplish the

d;I=ernz rcquired it will be neoessary to use a multipla sta4e

well point instaflsto=. where separate rows of well "oints are

drien rombenches Gl"in.! the side-slopes of the~ core trench&

The vertical distance between the.se benches shouald not exceed i.
15 feet, and- it would be ,esirable to limit thi distance to

13 feet. The benches should be at least 6 feet wide, and a

alove of O. feet horLzoantal to 1 foot vertical is considered

satIsfactory because this will result in an average slope of

about 1 foot horizontal to 1 foot vertical for the entire denth

of the. excavation.

The dwaterng operation will cause some consolidation

of tht loose 9sdsmehts tind will cause an increee in efrective

stelss in the foundation mterialo These two factors also w:AJ.

,, n -ttr r)o the t ab 11 ty of the excavat on_ ... T. -..

..... are - ,c botton- ot ",O cu..-o-f 'all shou2C(1

LlLh
• -, :.-. " i : .- ,. .::,- " :-:: th r: .: : ,-.-, , : ,.,:.: . ;-! :I.," ':0
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tho abutment areas a key trench zhoiold) be orovi :- 2 t invira

. ;ater tipht bond between the roi!e-3 fill sn the ntura2

ground. -

* Th .. e~11 ecavtedfrom, 'e core t rench ean

be used as. a saUzfngr' f_. e. r t lowei- porttons of the

slougs of the rolled fill dam. It may be possib.,e to use

sorme of thq granular material from the trench for ohe zervioU3

tc3 dramn equired in the emban-kIment. A ecision cnc-ri

the tse of this material cannot be made until tie exaavation

bas advanced to-the point where careful inspection and L-rain.:
. . .. . .. .. -. . .

size determlnatioxwsca be maoe on representative samples of

the mateztia.

There ar. everal factors that must be considered

in the eval-ation of the slopes -lected for the rolled hcmo-

:enous dam. Among these are the shear strenffth of the comvacted

fill, the shear strength of the foundaton, and the seepago

through the embenkment.

,Rheato steneth det'wminationa on the comoacted

specimens indicate that an uostream sooo of 30. ancd a dn-

r..



av e" E -4A aaLu ttTe sr. an2 ''

consistency of the material ,zould 7 s'. An

increase Ln the overall safety can be accmc!:1isiod by using

the excess of material Pxcavated from the core trench as a

stabUZing fill. 6rL1toe, be on the lower portions of the am

barkment. This stabhlfzi~n f l will be used to provide weirht 

only and consequently, no qoecial methods of construct!on or

comnaction reoirements are needed for the placement of thbi3

ntcr al. Use of the excavated, material fc:, thiz purpos .,U!l

provide for a satisfactory method of disposing of t:.is waste

materlal.

It Is anticipated that some settlement of the embank-

mert will occur due to the consoidation of the a'luviu= as tfte

vesult of the increase in stress due to the ambankmint, B-cause

of the oenumable nature of the silty sand, most of the consoll-

dation will occur during the constrliction of the embanaent, and

very little settlment te-to consolidation of the foundation

will occur after the embankment is comloted. It is estimated

that-the total settlement due to oonsol_ -ation in the foundation

durine construction will. not exceed one foot. Also it is anti-

cipated that enothe?rrobt df settlmment vill occur within the

uomoacted embarkment even though the elnce.iznt moisture nd coin

ractio:..i orcedure are carefully conoliod. A,,, I . :" . ..

% nbank ,;en%~alz- .ooid.on will ... _=Occur 6u•d -.. ..,-. ti-u acn-

Atr uct hn oatons 0

_f_ _ _ _ _ _ _ _ __"-- - ll -'! =.- . .- ,, l-- -- 1 ..--... " ..... '-'- .-''',L ,.. ,."



co~iac- d cohesive mlaterial there -.,;i b e s:op

-..e e b-nkment. It will ta'e soie timae Pz'- t he ta'e through

thf dam to reach, a steady state of flow, This stead- state con-

dition whIch deterines thp ohreati surface of seepape through

the darn will establIsh the maximumsautino'hem akn-
Ond is the most citieal post-construction condition for the"

stability of the downstream slope. if the phroatic surface

intercets the slope above the base of the dam a general

softening of the fill-will occur, and as a result th-3 stabi'ity

of the slop& may become critical. In order to maintain the

stability of the-downstream slope it is essential that a toe

drain be Installed to intercept the flow throujh the embankment

in such a manner that the phrestic surface is kept well within

the compacted embankment.

" The toe drain can consist of' a filter drain that,

starts at the downstream toe of the embankmPnt and extends

upstream to a point about 60 feet from the centerline of the

dam. Thin toe drain should be extended across the valley and

up the aoutments, to the maximum stora':e elevation. The minimum

thickness of the toe drain should not be less than 2 feet. A

perforated pipe underdrain should be Installed in atench about

20 feet upstream from the too of tle dan to collect the water.

from t!_ toe drain.

A s1tisfaotory alterrnte to the toe d2rain wou*:.d be

L_
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t1- i ansaLIatioOx ,I a S thr :I.aln This

dz.ain should have a cross section of 6 x 12 1et aoross the main

valley and 4 x 12 feet in the abutzrent ,roas, Granular d--harp,-es

having dienzions of 4z x 6 feet should be spaced at about 100 root

centers and should extes& fron the -strip drain to the down stremn

slope. T!he centerline~f orthi strIP-drain. should be located abbut '

60 feet doownstzrem f rn the axis of the dam. It i s believed that

the use of a strip drain wouli result in a saving of granulao -

material but would require some extra effort during construction.

Several other features of the c. bar-kmeet desiC, such

as crest wIdth, freeboard, upstream slope protoction, downstream

slon% protection~ and suxwface di'airlag& have am. effect on t~he

stability or the embankzent. Since these features require con-

siderations other than soils, they are considered to be beyond

the scope of this report,

pi -"

[IiiuA
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Grain Size Data

o. DphAg1~
Noe ept #1 Pecentge asing 200Classification

14+ 73 ir 88.5'0. CL

I&k, +127 93.0 73.5 C. i~>

3 +35: SI 96%* 78.6 CL'

.5 +~58 r99.a 9?.? 72.8 CL

12 +96 I.2' 100 -96.9- 41.-9 Sm

12 + 96 let 9909 98.5 33-7

3. 99.0 .90.2 63.o CL

a 97 ,& 91.6 7C0 1

914. 70.2 OrM

1z.99.6 95.3 76.0 CL

Table 1
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2 15 l 1$.1 U12.8
3 35l35 CL 12.8 116.8

4 33 14 CL 12.3 118.2

43 15 r - .- "1

7 36 3.5 .-17

,-372 29 2.4

I Ta'ble l:I u-.14,3 113"7

,4,2 ., ', ."'e v /
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Simnary o~f Tes Dsta--

Borrow- Moisture comvjivet
si3 Content Stiengtb. Comnaction

No* __ _ __ ___ _ __ _ _

132 97:7~.

1592.55 100.0 .
20,2 1.28 94.4 ~ -

3 10.9 -2.62 95.2
13-1 3 84 10.

161b& 1585

1ZV ~ 3MG 99*7
2.30f9.

17.0 1.4j5 95.1 A

11.0 3.9 97.a
13.14 3.0 98.8

2.10 100.0
-. 4,:160a 940C

6 .72.0 14.13 95.9
*~ 303.50 91

2.*20(II17,8 99*6
19.9- 1.15 95.7

r 5 2.. P-1.~ ~ 94I.7

* ~'17O ~ 276 97.6

0-372 11.9 4- 1.2 99.9
15.4 2.5 99.3
17.9 1.3 97,

Table IIII



THOMAS S. FRY PH. D
CONSUING ENGINEER TEST BORING DATA

JOB NO - LOCATION OPu7rkA/A4 Ciouplrv LAKT DAEQ 96

BORINGNO3 .

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. f1)0
De %'%N E.IP4A

Cil clay

d-o 4

40 -

Classiicqtio IyTS

Remark0

NATURALUR NOTER.CONTNT.(01o.Dr .e.g....



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

JOSNO -LOCATION 261MAMA COIrnrv LAX; DATE 0,7"1964

BORING NO. -t6e

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ff)0

DeEpeh.Ni

=1,l W7 //5
' I t l i

I!~ ic/al 1 : - il

i20 l l

111Ia;
- c~ayey

1 1 1 1 !1, 1 i t I F -
itt~ !es iit

40f

I i r 101 1 1 i

1 1 FI f Id

Typ.~~I oll drll1 lilth7~ Iu2 ~' Spln tol Ise !IiA (
Size ~~~~ ~ ~ ~ I and depth oI caIn Fie atmued_____________

Borng onracorForma
Class~fcaio[ib

Remarks f ll 1! 1

FIUE O



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

JOB NO - LOCATION 0Jr-Aj,1 CngiA/7Y ZL F DATE 2- 12-64

BORING NO. Z-10

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ft)0

Depth "N" Elev.0 2 4

/0 c/cyey /

-Coarse soad 1 I

.wi' I) -
1 r 20 I l l1 1

l I ! , ! 1 ! I t - l i tI

tQ i f 33 I i I ! f if l

5//f~i I/~'

40

Type~~~~ oil Irig A A - U r Sm l ls use1 1! l~ilt[

Irn Conillo ri l oremen . ll II' l i

C1 1 I f I I ( IiI ib

FIGURE NOsf I-



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

JOB NO -LOCATION .'~ L>~' AKE DATE~ r-- 1,e
BORIN.G NO. 2±Q00.

C LASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ff)
Dopth "N Elev.0 2 46

- q'roy .- /#)y

/0 _ _ _ _ _

11-)e /o
Ie w It I t

sornd
20. -

Il i It 1 1 j IIC/o/f l
1 , 1 l l I ! I . , i 1 ; i l I l

3 o I ! l il t 1 ! 1 1I l I I ! I I I I I

o r yl Ili 1 - I 1 111 I

c/oyey

~pebblex i l f i l 1 i t 1 1 I

Dote off Iollg Stre ll j - l Fiist DIt of11 tetsII/It
Typ'En It Ir n Ib, , I~~~ So ln tol Ised..1....4 1 .... 11

Size ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1' and Ic 1~ 1a111xddau z~________________

ICIa~i I fill 11n1by
Rel 1 11a11kil

I I ill I I I I II I 1 1 IUR NO.



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

JOB NO.-LOCATION P/IrAIAM (262117_1"' DATE f ' Q 4
BORING NO. 101"00

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. Mi 0

1 i t

Coarse '

20

13 0 1 1 [ 11-f l i l i l i

Gray lc/oyey I I l t I l l -11-L- L

40 End __ _ lifl if 1!41 :1 ! ' f4lI l i l

1 1I l l l i l I I 1 ;4 4l l l
i t t i l I l l ! l i t t i ,4 I l )

! I I l l i

NATRA WATE CONTEN fiDrlelht

Dote ~ ~ ~ ~ ~ ~ ~ I II I I I lil borng SIall li !C9..LI inseI_______Dt ftst 'C1/~ 4
Type~~~~ -tdilig 7cAu~ a ap i ltols Ise it // I lil

CbsIllo~o Iby
Rel ltmarks[ ll f

litIGfRElNO.



THOMAS S. FRY PH. D
CONSULT"'G ENGINEER TEST BORING DATA

~JOB NO. LOCATION PUTN1AM COUNr-Y LAKE DATE OCr 1064
BORING NO. 111"20

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. M +1
DeyhN Ee v02 4 6

I N' I~

9CQ .5//' ' '. I N

/0
Solnewhor t

1 t ' ' t I l i

Soncl o ody IIt 1it'

20'

sony c/oy

30 pc doh/es HrltI IIII iit s I11 1

i t i t . I I ;

40 Ti l ' i

NATURAL WAIITER CONTET- Ill, Dry w i llt).

]III oil IIriIIvl till~,, Ianln toolI used .S f/..4' , 1'if
Si1a Till c1p1 ot liltn 1; lilt I!ur Iusedl III__ __ _ _ _ __ _

Ifzin Iol l];~ o I F I l if I I 1 11 ;
Cisifc 'to byl I TI ;, 1 ; 1 1 1 I l , I l

R o-eIImarksII I II I II, I - ! 1 11

ZZ~~~IGR NO. -l il11



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

JOB3 NO - LOCATION Pu TVZA C01VA/T7Y O ATE 017,61/964

B3ORING NO. 120±0,2

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ft) 0

DethElev. 0 24

C/a yey
-N I 

I t

I f i l l

9 /10y J-///I

20 r//,~Fq .//

Forr F/O

I j

I I I; F F f i l l I l f l I l f l f ! l f

Iif$l i t 'F l i I .
iI F1 1 ! f i l F ' ' '

i l t i l Flli l I l FII~ F F Ft

F i i F( F F I i f F F F

Date ~ ~ ~ ~ ~ ~ i of boIg S)alie I.A 1..~.. F d_______ Dot ofl tesll Ill~/
Typa~~~Il o1 dr11n 14( fft ill~e SIpn ol use .f f

C-11i-11io by
i feI l l i l

fil. 1 It IGUR NO



THOMAS S. FRY PH. D
CONSULTING ENGiNEER T ST EORING DATA

JOB NO.- LOCATION P1 TA/AMP_ C 0 /.A/ / A K E DATE -ZL24

BORING NO. /- !T-

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. fi) o

Oep "iN" Elev. 0 2 4

20

/0 -

40-

Nedal I 7_ -I

cory t/y .4 i

610

Clasifct11 byl
Remarkst I i~ ti lil

Oro/ C0-yefI , I I I fill IG R NO ____I __I _ II



THOMAS S. FRY PH. D TS O GDT
CONSULTING ENGINEER TS OIGDT

JOB NO -LOCATION P~AA4C~//~DATE~
BORING NO. ' O

CLASSIFICATION CO.VPRESSIVE STRENGTH (Tons per sq.ft
DtN "ev

0

Oro

20

i i f . J l I I

grcoy c/a.yey
130 /f

OATRA WAE CON)N bri~ Dilt woljlht)

Classf~cotonib

Jil ' I z1 ~ :J-i -f l



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

JOB NO. LOCATION -,QJT-A'4 C'eOUIZZT 1L DATE ar74 4 76

BORING NO. 12±..SQ

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ff) o
Depth "N" Eitv- 1 4

0
O-yC/oyU

K ,. INF

30Gro I l lt/a-11. it

c~ p/~ If

J I t.

J'070 It

~nT II I

I l i

TypI! oil drl!n A- 1 Ai~ 11))/ Samrrn !ool used ill! h'
Size andlfl depth of casing Fixed itmue _____________

Clsiicaio I I
Remarksli ; !

it I f It IGURE NO.



THOMAS S. FRY PH.-D
CONSULTING ENGINEER TEST BORING DATA

JOB NO -LOCATION P1UTAAAI CQU1AZZTV LAKE DAE61"16

BORING NO. 14 , 00

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ff) 0

De~ThN"Elev.O 2 46

/0 Br P0 ff

w'v'h pehbles

20 22-~ Aye II 1

..si/i cllh

Peb bles t II ,l
I3it0 t i

40t lilt_

50.

i0 /0 I20 I i 1 1 I
NATURAL ~ ~ ~ ~ ~ ~ i WAEIOTN ~Dywih)

DoteIl of Ioin StrI i iihd______ oeoftsst/
Type~~~~ at rlln I)h~h Aiito Sapln tol use I~h Ii
Size~~ and det fcsn ie dtmio ______________

lilt; Con rllo I III[
Clsi0 c to 1 bt IIy II11

IRtem a 1 1 1 I lIkl IIsl l
EnIGUREI NI ............



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

;'OB NO - LOCATION Db7/A ~ '"' ATE ?27 ZOL

BORING NO. 1-1 72

CLASSIFICATION COMPRESSIVE ST RENGTH (Tons por sq. ff) o

Depth"N' Elev. 21I

'la rv,
/0 74 0e,6,6 /exs

m lBro wnal), t

I I , -

G ray X/Oy' t

'y

C/O A1111

i i 1 1 t 1 t II I I I It I I I

I I I t i t I I I I I I II I '

Typs~~~~~ of cIsi I' Im I~~' SIpn tol u Io Sr// I I I

Iiz Inc I.-tho cain Iio e It fd I ___I _IIIIII ___II _I

so- C~~r*~occ

CJs111iio byi l! 1 11 1 l
Remar1ktst II IiI

IUR NO.I.I.I I ..I... I



THOMAS S. FRY PH. D
CONSULTI", S ENGINEER TEST BORING DATA

~JOB NO - LOCATION -/ITAIA 1,41 -Xtr ~~DATE - ~A
BORING XO. '

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ft) o

Dlepth"N M  Elev. o
0

/0 Qfac

20 k/'

pe 6 /&eT

rn -

40-

i i l l

f i l 1. I I f l

Ij

/0 2
NATURAL WATER CONTENT (0oDil wisht)o

Cafe of borini,: Sferf-J Au 9 Finished ______Date of tests-~ '/~

Type of criR!n; 4t_ /gA Sompfing fools, mod /2

Size and ;pilh of casing________________ i~ fr ~~_______________
Coring Contrllo
Classification by

FIGURE NO._......



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

-JOB NO. LOCATION-PTA ~JIYL" DATE QCcl 196~4

BORING NO.L

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ff)
Depth"N" Eiev.

- p I

/0 3 tfat,'/Iie d I

9PQ/CIQye/ it 1 11

I t i l lI

,30 11t l I I r

I I l i I !-' . i I ~ t

I I l t I I f I I I I I J !II I I

1 1 i t I I ! I I I i i f l

11 f I -

Groyl

so lpebbles IIfl ! il tl l

NATURA IA E CO T N IC~ i.y fi l fi l It I I t

ClI fill

I fill IU l NO il.1

I_ _ _ jl)--



THOMAS S. FRY PH. D
CONSULTING ENGINEER TEST BORING DATA

JOB NO - LOCATION POU7A164M r(QUA/r' ZLA4 OATE Q'C/ 19-f:

BORING NO..c, ..

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ff o

Dept "N' Elev. C
0

onrd 9/

/0

I~l f l I I: I

20 114 'r

. 1 . ! i j I j I " I i I !. 1 1 i

IIj ~ l J i l I f

30i I I

1 1 1 t I ,I

fIi I l I f i I !
1 ! 1 I f I -

. ! ! I I i l

I i f : f i i l t t ! 1 1

NATRA WAIE CONTEN I'', Drt illoiI t,

Ci~ii io f i l I1 1!yl l l 1 1 1

RemilarIksi ti ! f. )

I fli 11 FIGUREitNO.

I ~ ~ ~ '' I l l 1 !-1 1 t t i t l



THOMAS S. FRY PH. D TS OIGD

JOB NO -LOCATION --JU-244A'- (DH"//A< ATE c~/6
BORING NO~

CLASSIFICATION CGMvPRESS:VE STRENGTH (Tons per sq. ff)3

DepthlN" EIew.0 ,2

q II

/30 3E

peb~/~III I

I I jt !

430 1 111 I f i t(IIl i l 1

NATURA WAE loTET(OeDreeih)
Ici ofl borng SIate I Iiise _____ _ DIt ofl t t I' I /:If

Type~~i If tillU Ai',JP ji A#i Sapin ok sdli/
Sizo ~ ~ ~ ~ ~ 1111 and~t I~v~ of )!I)_________________ Fixed datum till ____________

)ring CoIc o i Fo11I i 1 li t 1 t l , II I
c11~I~ ~o by [ t l I I I l t I i l ; i l

R 0emark1llsi ] ti i l t I l

111111i !!,I i UR N[I _______1 11

E n d I l i f I i l .- i i l ! 1 t I I f



THOMAS S. FRY PH. D

CONSULTING ENGINEER TEST BORING DATA
JOB NO-LOCATION PIITNAA COULLMY Z,4KP DATE.n/ 1964

BORING NO. 9....

CLASSIFICATION COMPRESSIVE STRENGTH (Tons per sq. ft)
Depth -N- Elow. 02

/0Z/

sih'yI 1//I

20 _ _ _ _

0 !I I . . I 1

s o-l1 1 1 i , i ! I ! . I I i j If

r/// o/ I ,.

I I l l i l I;I l

I I l l i t I i l I - i l J l i t

43 0 1 t i ll_ _ I I I l i l i t I'l I
I l I f I I , . 1 I i , Ii.i t'

T-T*1

It i t ; I 1 I,, ! I i , ; l,

I , J i l i l l i l I l l

I t l - I I I I 1 1 1 1 i I , I l l li l !

! I l 1 1 1 1 1 l l I 1 , 1I , , 1

40Il i I I I I Ili

II I I I I l i l t I il

NATURAL1) WATE CONEN Jillrywa~h
Dc'. ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 1f 1oai 1i~re -iihd_______ oeo et

Type~I of 1ri~n 1~~hr ~ ~ SmIn oosue p! 7~-
Size~~~1 1n d1pi o1 ea in 1ie dau s d _ __ _ _ _ _ _ _ __ _ _ _ _

irin Illteco 1or1 ]1
C~a~ifietIf ity

RemarksA

FIGUREiiiiL NO.....
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APPENDIX E

DIVISION II

SOIL ANALYSIS, LOG OF SOUNDINGS

AUGUST & SEPTEMBER, 1964



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No. )
Project/>J,/ih I . Z) k' " (Official) Job No.

__ _ _ _ __ _ _ _ (Unofficial) Purpose___ _

Location Soundings by V, nn ti.-'A /

County '7" 'A Date A . 2 /z I

Surf. Bott.
Station o Elev. Deoth Elev. Log of Materials*".-: / ,. ...

A0 -.2 -BR&U SA AJ Dl -A 77 r-S i -

,3 _ .___D- FB rRo 7 7/0,,v 7-s - .
P- -- /8 Alow s pZ F r

I

.:i " I -

a - a

- - - P9~JIV 5AAJh/e1?

-a4-,RRQwAJ VEPZ S9A..,t)v 0- Z,9
- l i i

- - - - d~5 ii S~ql-L Rock :eSAAjpy' eiL~'

Miscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

*Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. Log of operations is an integral part of this information.

I.I

- / /-



C DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No. Z2,
Project/yJ'ii)/gL c ,QK5 (Official) Job No.

(Unofficial) Purpose

Location Soundings by 06 ui e;/ty

CountyA,..P.,i Date- Z ig, a
+ Surf. Bott.

Station Loc.I Elev. Depth Elev. Log of Materials*

-I ~~ A~O S./ dI S / L ~P~ 3

./ g- 69,Qo e.9Y,/ -- or ,i.o,- 5 -.2 X/~'SAD21D arl)A

e-xR d~ V C'.2RV Sn3r)

-A - 7zsn-

/ ,

/0 7 ,A

- 15'L 7 d,

Miscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined

by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. LoS of operations is an integral part of this information.



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No. 3
Project AJnI-tJV/Z/U- )AH6 (Official) Job No.

_ _ _ _ _(Unofficial) Purpose

Location 2,S t-iL es A.j. CMj,-,,&Li OM _ aqwv Soundings by 0, j,H7y

County ,,,'ru, .- . Date ,gig I./9-

Surf. Bott.
Station Loc..l Elev. Death Elev. Loa of Materials*

cPP/ $A 4A g r

/a /

- - - 3 " S~~d-p~~t~

I./

-6 S41- - R Cy

Miscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cauiioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. Log of operations is an integral part of this information.



C DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings. Data Sheet No.

Project L)016AJ W) L A/<'6 (Official) Job No.

____(Unofficial) Purpose

Location Soundings by Z) _ /4'-

County OLT,7"I L Date ,22, - /d ,

Station Loc.+  Elev. Depth Elev. Loa of Materials*

,4-J SJaw , 7- ,<9k,6 .R-M y

_ -;/ V

- -/o 7-

___ //
5 ] _ //

____ '3- , /

Mscellaneous Dita

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by Judgment of the operator. Log of operations is an integral part of this information.

- - -. . .-. - -- ..



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No._ _ _,_.

Project VJ!imA uj h t- --RK. (Official) Job No.

(Unofficial) Purpose

Location Z.6 " ,r- A. J)MzAt/u)LLS ,,I.u,- Soundings by V D,,yts.rr

County - Date .4v /R,/' _

Surf. j Bott.
Station Loc.' Elev. Depth iElev. Log of Materials*

6/0-- - R ii 7 y AJ /k 10" - - DA

f L - Q/ g' I 1--'r -I 4r -

- - ,,. e oi 6,P/ S, .xms /Jv

d Z

c7RAM) 7FsX S71 ~ T-~

ISI

- -9-Fdov; ' A 2 uq
____5 ' "' ,

3 1 /

Miscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by Judgment of the operator. Log of' operations is an integral part of this information.

. . . . . ... . . .Ill C. . . . . . . .1 .. . ." . . . ]. . . . . . - l i . . I



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No._ _ _ _

Project L),OI,j . , 1 (Official) Job No.

__(Unofficial) Purpose

Location Soundings by L, Z)I7t'Jc-,7Y

County ,ij 7 .4 Date t u a,,zi.

Surf. Bott.

Station Loc. Elev. Depth lElev. Log of Materials*

- ~~6Q -J4 $ZL 77~'~ 0ii 9zA A4 /7

aZi,9A P$1J~ -SJ7y - -Y~ 6 7-
//-/je ~ev OgbJV / , ,7" /I

-/ Z 5 . / s

0 *__ /,//u. T€ , ,, T ,

_ _ //

*____ - .2~. - Af'OIF -r~qtD 7-/ A./ 7-t- S 7,Z'

I,

Kiscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby end
by judgment of the operator. LoS of operations is an integral part of this information.



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No. 7

Project LPJ ', (Official) Job No.

__(Unofficial) Purpose

Location Soundings by /.>,.' ,Y.'

County A T'; Date 4,V6.- l /9-

+ Surf. Bott. .

Stationi Loc.+  Elev. Depth Elev. Loa of Materials*

- -- AI iAJ

*

- - - -Z 4 5R V ;yS s AA C-e

- ~ -R)-Ow.s PER P067-

Miscellaneous Data

+Distances given from centerline re perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. Log of operations is an integral part of this information.

* . *



. DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No.___

Project/)u/o&JIi l/ 't 4eS (Official) Job No.

__(Unofficial) Purpose

Location Soundings by -' /

County PO7',14A Date AL -L. . 9/./ -/

Surf. Bott. I
Stationi Loc. Elev. Depth IElev. LoR of Materials*

-o - z - S

- - --

- - - e5R Yy 7-

-/ /: , /

,,__ ,q v S u-) !

Misce laneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.
* Persons using this information are cautioned that the materials shown are determined

by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. Log ok operations is an integral part of this information.

p,. * .. . ... . .. _



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No.

Project J './/t ! /AIA'c7 (Official) Job No.

(Unofficial) Purpose

Location Soundings by *i 9;,/t7v

County .7-A/,'.? Date 41j. 4,/o -

+ Surf. Bott. .

Station Loc.+ Elev. Depth Elev. Log of Materials*

HR,*ZJA. -1, -- S)w S4z 9A-, - L'27

- ~ 1 ____ &eJJ 4Ir ,6AM -A -)7S

---- V~~

Miscellaneous Data_________________

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. Log of operations is an integral part of this information.

-- . .. . .. ..-- --_- .



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of SoundingsS Data Sheet No.__ _

Project/2',',& UL)// 6 A119 (Official) Job No.

(Unofficial) Purpose

Location Soundings by ,e I.-"y

County P7j-/,jp. . Date 2, / !9/,4/

Surf. Bott.

Station Loc. Elev. Depth Elev. Log of Materials*

- - " - _ .FRQWAj SA.V t~Le 46,ym

~~cW Ad-' S,9 D Zj,97'R

..7-1 ,, ZL.

O, R9eoU q -7RRz eoo

____y 7e- Y8Z~s ~-I" "/

_7

Miscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. Log.of operations is an integral part of this information.

-. - -"-



,...

... DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No. //

Project', .uu/" Z,5-. (Official) Job No.

,,_(Unofficial) Purpose

Location__ Soundings by i 4. 7v

County PD7'u, , Date S p 3, 147,1-

Surf. ot

Stationi Loc. Elev. Deoth Elev. Lo of Materials*

/a4 ag /- az
,-.5,.

-7 3. ___z Pew c!Lo a-7

__. -Z alOAA P

- I ,,

...... - ) O N. -

-,,.mo -,"

Miscellaneous Dat~a,

+. Distances given from centerline are 'perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipmnent noted and accuracy of the "Log of Material" is limited thereby and
by Judgment of the operator. Log of operations is an integral part of this information.

. . . .. . . ' .. . . -",7 ... - . .." . .. U. _. ... . ,,, 9... .. ..# . .. .A S...



C DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No.. _ __-

Project QA )PY!,C 'J (Official) Job No.

(Unofficial) Purpose

Location Soundings by ) P A_' "Y

County R, 7-Xl- . d Date 4Lla :j9 , 96-

Surf. Bott.
Stationi Loc.+  Elev. Depth Elev. Loa of Materials*

p -~~ _ _ -5 -19O A );,oo Uj

/ ___ -5 'kP ~~ A/ /.=_FR WPLA '4lq',Y (2.49y 7

Z) PA I

Miscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by judgment of the operator. Log of operations is an integral part of this information.

I -. 1 . . j -



II 11 IL

C DEVELOPHENT SECTION-

SOIL ANALYSIS

Log of Soundings Data Sheet No._/_

Project /)//o.'JVI/ 2 6 RW - -(Official) Job No._._,

(Unofficial) Purpose

Location Soundings by J , ,

County R',T.-. .1 Date 0j. .,/9 / .

Surf. Boct.
Station Loc.+ Elev. Depth Elev. Lo of Materials*

WF&-,7 R~V CR6C-( 7.-1,c&f -$ACST 07oF IJ~'

(I 1 F.. _ _ __ _ _ __ _ _ _ __ _ _
f IB- t 4) 0.9V ,, ,A

-Q 4ll- Bioni suis y Data- -g4 7-

-~ ~ l -1 - Z j'f RS cj g,4,q eZV e S,W-seb '/

_6R_, V__ .59,UD I/4~1

-- o- 77 2 3 s_

Miscellaneous Data

* Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined

by the equipment noted and accuracy of the "Lo of Material" is limited thereby and
by judgment of the operator. Log of operations is an integral part of this information.

.



. DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No. /) .
Project 01)/.1i vi/Lr- L9 A (Official) Job No.___

___(Unofficial) Purpose_

Location Soundings by V'., y"

County Z 7 r Datezge 7 I, / 4

ISurf . Bott.
Stationi Loc.+  Elev. Depth lElev. Loa of Materials*

- -RQ WA.) -SIh7- Ao~ 0 Am

7-/-, A AV ;V ,s, ".- i.,,r, "

-49 -51919 QLve 5 A #'6ZA,5- Ra L Y iRA 9,L X :/ / o

I t

- - ( ',qy S, / 1Tv C'2,49v - , =7

Miscellaneous Data ,

* Dist~ances I given'from center line are perpendicular thereto unless otherwise noted. '

*Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" Is limited thereby and

by judgment of' the operator. Log of' operations is an Integral part of this information,

- - .IIll I- .... l O P A@a

. . . l il n S ll . . . . . I II II II I I II II" I .. .II • . . | .i- I



DEVELOPMENT SECTION

SOIL ANALYSIS'

Log of Soundings Data Sheet No. /.
Project U0164J &J t7 R, - (Official) Job No.__

___ ___ ___ __ (Unofficial) Purpose_ _ _ _ _ _

Location Soundings by iue ./ /7 I/

County P.JT.J/. Date SA50- /2, ' 4-

Surf. Bott.
StationI Loc.+ Elev. Depth IElev. Log of Materials*

RWVJ S1.47- 0

- -R A JV 72---s v.2v

RA9Qk 0,-LM QSE tc Ol

-ellSneousvDeAs

-Distancegi o ae p dcur ternl

* eounh ioaorc ieh tmti soadei

- - -n da acyo -te"Lgofa

- jm or

~11

Mi scellaneous Data_____________________________________

+ Distances given from centerline are perpendicular theret'o Unless otherwise noted.

* Persons osinis this information are cautioned that the materialseshovn are determined
by the equipment noted and accuracy of the ")Log of M~aterial" is limited thereby and
by judgment of the operator. Log of operations i an integral part of this information.



DEVELOPMENT SECTION

SOIL ANALYSIS

Log of Soundings Data Sheet No. 1-.

Project -J/ _'-'/./ /PA'S/ (Official) Job No._ _ _ _ _ _ _ _ _

(Unofficial) Purpose

Location _____ Soundings by 2-d..4zz 'Y,,o

County Pv7 , , Date SF, .

Surf. i Bott.
Station Loc.+  Elev. Depth Elev. Log of Materials*

IRROWA_ -- -&7A -~~ -Q4VL7

-~ -2 - - rhueiP-7-n 1

2.Q ,4. ,i.

- - -5 ,,/

Miiscellaneous Data

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this informition are cautioned that the materials shown are determined

by the equipment noted and accuracy of the "Log of Material" is limited thereby and

by judgment of the operator. Log of operations is an integral part of this information.

MEE



C DEVEOPMENT SECTIONC
SOIL ANALYSIS

Log of Soundings Data Sheet No../7

Project / JvJ! i/x/, /.9 11C' --(Official) Job No.

(Unofficial) Purpose A'. .. '

Location Soundings by UJ /7V

County , . Date -/i. _ /Z%,4

SSurf. Bott. I

-Station Loc. + lev. Depth Elev. Loc of Materi&13*

swu 3y -, T -- V1.-

/VP'. -

-7,P5WAj SAAD - Z,7

-- 3 - RhCWA .SRAJ- -J

64-42- Rgnjj IlLy v

Miscellaneous Data i/ZPa .5maLii .O4-1jr gle4V 1dA V ';A A. / .4 .

'II

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this Information are cautioned that the materials shown are determined

by the equipment noted and accuracy of the "Log of Material" is limited thereby and
by Judgment of the operator. Log of operations is an integral part of tbhs information.



C DEVELOPMENT SECTION
SOIL ANALYSIS

Log of Soundings Data Sheet No._/_

Project ('0f'_)') 2,JA'z- (Official) Job No.

__ (Unofficial) Purpose , . .

Location Soundings by .' .,' ... /

County . :- Date X. 7 : _ / Z,?/-

+ Surf. Bott.
Stationi Loc.+  Elev. Depth IElev. Lot of Materials*

-I- -!, - J / J '.;jz ? A 4!, j,

71

~77

Miscellaneous Data____ _

+ Distances given from centerline are perpendicular thereto unless otherwise noted.

* Persons using this information are cautioned that the materials shown are determined
by the equipment noted and accuracy of the "Log of Material" is limited thereby end
by judgent of the operator. LoS of operations is an integral part of this information.

1



APPENDIX E

DIVISION III

GEOLOGIC REPORT, MISSOURI GEOLOGICAL SURVEY

1963

INSPECTION REPORT, MISSOURI GEOLOGICAL SURVEY

1972

ENGINEERING GEOLOGIC REPORT, MISSOURI

GEOLOGICAL SURVEY

1978
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GEOLOGIC REPORT ON THE POPOSED PUTNAM C=UJTY LAKE SITES
NEAR UrNIONVILLE, MIISSOURI

A surface geologic study of two lake sites near Unionville, Missouri,

was made for the Putnam County Jaycees. Of the two sites, the most favorable

is the Vorth Site located on Blackbird Creek north of Unionville. The dam

site is upstream (west) of Missouri Highway 5. The South Site on South

Blackbird Creek wast of Highway 129 is loss suitable since bedrock openings

and mine drifts Indicate exploration and construction costs would be greater

than at the North Site. Each lake site would have approximately 1200 surface

acre:, of water.

North Site: _:rs 71,' c5~'~%'z

Both the abutments and the impoundment area will be in glacial

drift. An examination of the area showed bedrock to be buried at depth by

glacial drift. A water height of 60 feet at the dam site will create a lake

area of about 1200 acres. The drainage area is estimated to be 18,000 acres.

The location of the dam site is in the S1I 1/4, SE 1/4, Section 10 and NE 1/4,

NE 1/4, Section 15, T. 66 N., R. 19 V. All geologic features point to a safe

lake at this site with regards to possible-water loss to. the bedrock.

Water loss hazards at the site are related to the glacial drift

and alluvium. Possible loss would be through sand bodies in the abutment

and underflow through the alluvium or glacial sands in Blackbird Creek.

Ramdum, isolatod snnd bodies are known to be present in glacial drift.

Although none were observed, it is reco= ended that the abutments be

augered to determine the glacial drift characteristics. Exploration along



the center line across Blackbird Creek should be made to determine the

characteristics of the valley alluvium. Because the valley alluvium has

been deposited by running watpr there may be sand and gravel zones inter-

layed with silt and clay beds. Therefore, underflow through pervious

sands and gravels beneath the dam is a major hazard if not intercepted by

the core trench or a cut off curtain. Support characteristics of the

foundation material may vary across the valley because of its alluvial

origin.

South Sites

The dam site is in the NE 1/4, SW 1/4, SW 1/4, Section 22, and

Nrl 1/4, N:V 1/4, NW 1/4, ection 27, T. 65 11.1 R. 18 '1., on South Blackbird

Creek, west of Missouri H ghway 129. Bedrock, exposed upstream and down-

stream from the damsite, di s toward the northeast. Limestone, shale and

coal beds are covered by a t in veneer of soil on the abutments. Bedrock

balongs to the Pannsylvanian ystem and includes formations from the Fort

Scott-Higginsville limestone-up to and including the Altamont-Worland

limestone. The section is a sei s of alternating thin limestone beds

lto 4 fcet in thickness interlay d wilth shale and coal beds. A number

of nine drifts were observed along th valley of the lake and in Kinney

se\

valley to the north of the left abutme * Small underground mining opera-

tions are presently active in the area.

Potential %-*ater loss from the lak to the bedrock may occur At

the abutmc..nts and in the upstream area. Suc loss would be via bedding

plains and joints in the limestone units. Because of the intensified

LA\



Pile Only

ADDENDUM TO LAKE THiUNDE.1E::; D

Putnam County, Missouri

Inspection of Lake Thunderhead on 8 May 1972, indicates the following:

1) Seepage on the left abutment slope is-*apparently more extensive
than previous times of investigation. An area approximately 100
feet square is water saturated. The water is present as surface
flow gradually seeping through what is apparently a lense of sandy
loam soil that makes up at least a portion of the left abutment.

2) The lagoons, although water filled, apparently are severely
affected by subsurface water seepage. Water in the lagoons seems
to be mostly that which would be derived from the water bearing
gravels and sands that were exposed during lagoon construction.

3) The interception ditches do not appear to be functioning. Con-
sequently, seepage from the dam has water saturated much of the
upstream portion of the lagoon levees outside of the lagoon as
well as contributed to a portion of the water within the lagoons.

4) A significant amount of water seepage is welling up in the manhole
present where the sewer line has been constructed under the dam.

>-ames H. Williams
Geologist and Chief
Engineering Geology Section
Missouri Geological Survey and

Water Resources
May 17, 1972



FOR FILE ONLY

ENGINEERING GEOLOGIC REPORT ON LAKE THUNDERHEAD

PUTNAM COUNTY, MISSOURI

LOCATION: NW , NEz, NE, Sec. 15, T. 66 N., R. 19 W., Seymour Quadrangle.

The dam site was selected by J.A. Martin-J.H. Williams in 1963. It has served
the purpose well except for financial problems of the developers.

One point not observed in the original investigation and later drilling by the
Conservation Commission and engineers was the significance of a terrace on the left,
north, abutment. A line of seepage has persisted on the eastern portion of this ter-
race some 200-300 feet from the lake. Water movement is being controlled by the stra-
tified terrace deposits. Leakage has remained unchanged for the past 5 to 6 years.
It does not appear to pose a threat to the dam.

Dr. J. Hadley Williams, Chief
Applied Engineering & Urban Geology
Geology & Land Survey

August 23, 1978
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